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(54) Title: DIRECT SMELTING PROCESS FOR PRODUCING METALS FROM METAL OXIDES 
(57) Abstract 

The HIsmelt process as disclosed in WO 96/31627 
Al (PCT/AU96/00197) consists of forming a molten 
bath of iron and slag, injecting metalliferous feed (ox- 
ides), solid carbonaceous material (coal and/or coke) 
and slag formers into the bath and smelting the met- 
alliferous feed to metal. The process also consists 
of post-combusting the unoxidised reaction gases and 
transferring the generated heat to the bath to facilitate 
the smelting. In addition, a transition zone between the 
post-combustion zone and the quiescent metal zone is 
formed by injecting the charge together with a carrier gas 
into the bath, thus causing the metal and slag to be pro- 
jected into the transition zone. The present application 
constitutes an improvement over the afore-mentioned 
application, in that lances/tuyfcres are inserted deep 
into the melt to provide oxygen for post-combustion 
of the unoxidised reaction gases and, in addition, to 
project splashes, droplets and streams of molten metal 
into the transition zone, which, in turn, fall back into 
the bath, thus effectively transferring heat from the 
post-combustion zone to the molten bath. The level 
of dissolved carbon in the bam is maintained at > 3 %, 
preferably > 4 %. The FeO level in the slag is main- 
tained at < 8 %, preferably < 6 % or < 5 %. The amount 
of solid carbonaceous material injected as portion of the 
charge is such that the off-gas contains at least some 
carbon, preferably 5 - 90 % of the weight of dust in 
the off-gas, corresponding to 10-50 g/Nm 3 . Primary 
post-combustion is set at > 40 %, preferably > 50 % or 
> 60 %. 




FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CC 


Congo 


KB 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Coce d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 99/1691 1 PCT/AU98/00793 



DIRECT SMELTING PROCESS FOR PRODUCING METALS FROM METAL OXIDES 



The present invention relates to a process for 
producing molten metal (which term includes metal alloys) , 
in particular although by no means exclusively iron, from 
metalliferous feed material, such as ores, partly reduced 
10 ores and metal -containing waste streams, in a metallurgical 
vessel containing a molten bath. 

The present invention relates particularly to a 
molten metal bath-based direct smelting process for 
15 producing molten metal from a metalliferous feed material. 

The most widely used process for producing molten 
metal is based on the use of a blast furnace. Solid 
material is charged into the top of the furnace and molten 
2 0 iron is tapped from the hearth. The solid material 

includes iron ore (in sinter, lump or pellet form), coke, 
and fluxes and forms a permeable burden that moves 
downwardly. Preheated air, which may be oxygen enriched, 
is injected into the bottom of the furnace and moves 

2 5 upwardly through the permeable bed and generates carbon 

monoxide and heat by combustion of coke. The result of 
these reactions is to produce molten iron and slag. 

A process that produces iron by reduction of iron 

3 0 ore below the melting point of the iron produced is 

generally classified as a "direct reduction process" and 
the product is referred to as DRI. 

The FIOR (Fluid Iron Ore Reduction) process is an 
3 5 example of direct reduction process. The process reduces 
iron ore fines as the fines are gravity-fed through each 
reactor in a series of fluid bed reactors . The fines are 
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reduced by compressed reducing gas that enters the bottom 
of the lowest reactor in the series and flows counter- 
current to the downward movement of fines. 



5 Other direct reduction processes include moving 

shaft furnace-based processes, static shaft furnace-based 
processes, rotary hearth-based processes, rotary kiln-based 
processes, and retort -based processes. 

10 The COREX process produces molten iron directly 

from coal without the blast furnace requirement of coke. 
The process includes 2 -stage operation in which: 

(a) DRI is produced in a shaft furnace from a 

15 permeable bed of iron ore (in lump or pellet 

form), coal and fluxes; and 

(b) the DRI is then charged without cooling into 
a connected melter gasifier. 



20 



Partial combustion of coal in the fluidised bed 
of the melter gasifier produces reducing gas for the shaft 
furnace. 



25 Another known group of processes for producing 

molten iron is based on cyclone converters in which iron 
ore is melted by combustion of oxygen and reducing gas in 
an upper melting cyclone and is smelted in a lower smelter 
containing a bath of molten iron. The lower smelter 

3 0 generates the reducing gas for the upper melting cyclone. 



A process that produces molten metal directly 
from ores is generally referred to as a "direct smelting 
process" . 

35 

One known group of direct smelting processes is 
based on the use of electric furnaces as the major source 
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of energy for the smelting reactions. 

Another known direct smelting process/ which is 
generally referred to as the Romelt process, is based on 
5 the use of a large volume, highly agitated slag bath as the 
medium for smelting top-charged metal oxides to metal and 
for post-combusting gaseous reaction products and 
transferring the heat as required to continue smelting 
metal oxides. The Romelt process includes injection of 
10 oxygen enriched air or oxygen into the slag via a lower row 
of tuyeres to provide slag agitation and injection of 
oxygen into the slag via an upper row of tuyeres to promote 
post-combustion. In the Romelt process the metal layer is 
not an important reaction medium. 

15 

Another known group of direct smelting processes 
that are slag-based is generally described as "deep slag" 
processes. These processes, such as DIOS and AISI 
processes, are based on forming a deep layer of slag with 3 

2 0 regions, namely: an upper region for post-combusting 

reaction gases with injected oxygen; a lower region for 
smelting metal oxides to metal; and an intermediate region 
which separates the upper and lower regions . As with the 
Romelt process, the metal layer below the slag layer is not 

2 5 an important reaction medium. 

Another known direct smelting process which 
relies on a molten metal layer as a reaction medium, and is 
generally referred to as the HIsmelt process, is described 
30 in International application PCT/AU96/00197 (WO 96/31627) 
in the name of the applicant. 

The HIsmelt process as described in the 
International application comprises: 

35 

(a) forming a bath of molten iron and slag in a 
vessel; 
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(b) injecting into the bath: 



(i) metalliferous feed material, typically 
5 metal oxides; and 

(ii) a solid carbonaceous material, 
typically coal, which acts as a 
reductant of the metal oxides and a 

10 source of energy; and 



(c) smelting the metalliferous feed material to 
metal in the metal layer. 



15 The HIsmelt process also comprises post- 

combusting reaction gases, such as CO and H 2 , released from 
the bath in the space above the bath with oxygen-containing 
gas and transferring the heat generated by the post- 
combustion to the bath to contribute to the thermal energy 

2 0 required to smelt the metalliferous feed materials. 



The HIsmelt process also comprises forming a 
transition zone above the nominal quiescent surface of the 
bath in which there are ascending and thereafter descending 
2 5 droplets or splashes or streams of molten metal and/or slag 
which provide an effective medium to transfer to the bath 
the thermal energy generated by post -combusting reaction 
gases above the bath. 



3 0 The HIsmelt process as described in the 

International application is characterised by forming the 
transition zone by injecting a carrier gas and 
metalliferous feed material and/or solid carbonaceous 
material and/ or other solid material into the bath through 

3 5 a section of the side of the vessel that is in contact with 
the bath and/ or from above the bath so that the carrier gas 
and the solid material penetrate the bath and cause molten 
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metal and/or slag to be projected into the space above the 
surface of the bath. 



5 International application is an improvement over earlier 

forms of the HIsmelt process which form the transition zone 
by bottom injection of gas and/or carbonaceous material 
into the bath which causes droplets and splashes and 
streams and molten metal and slag to be projected from the 
10 bath. 

An object o£ the present invention is to provide 
an improved direct smelting process for producing metals 
from metal oxides (including partially reduced metal 
15 oxides) . 

According to the present invention there is 
provided a direct smelting process for producing metals 
from metal oxides (including partially reduced metal 
2 0 oxides) which includes the steps of: 



The HIsmelt process as described in the 



(a) 



forming a molten bath having a metal layer 
and a slag layer on the metal layer in a 
metallurgical vessel; 



25 



(b) 



injecting a metalliferous feed material into 
the metal layer via one or more than one 
lance/tuyere and smelting the metalliferous 
material to metal in the metal layer; 



30 



35 



(c) 



injecting a solid carbonaceous material into 
the metal layer via one or more than one 
lance/tuyere in an amount that is sufficient 
so that the level of dissolved carbon in 
metal is at least 3 wt% based on the total 
weight of carbon and metal; 
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(d) causing upward movement of splashes, 

droplets, and streams of molten material 
from the metal layer of the molten bath 
which: 

5 

(i) promotes strong mixing of metal in the 
slag layer of the molten bath so that 
the slag layer is maintained in a 
strongly reducing condition leading to 
10 FeO levels below 8 wt% based on the 

total weight of the slag in the slag 
layer ; and 



(ii) extends into a space above a nominal 
15 quiescent surface of the molten bath to 

form a transition zone; and 



(e) injecting an oxygen-containing gas into the 
vessel via one or more than one lance/tuyere 

20 to post-combust reaction gases released from 

the molten bath, whereby the ascending and 
thereafter descending splashes, droplets and 
streams of molten material in the transition 
zone facilitate heat transfer to the molten 

25 bath, and whereby the transition zone 

minimises heat loss from the vessel via the 
side walls in contact with the transition 
zone. 



30 Typically, molten metal is a major part and slag 

is the remaining part of the molten material in the 
splashes, droplets, and streams of molten material from the 
metal layer. Typically, the splashes, droplets, and 
streams of molten material entrain further molten material 

35 (particularly slag) as they move upwardly. In addition, 

increasingly, the splashes, droplets, and streams of molten 
material lose momentum and fall downwardly towards the 
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metal layer. In view of the higher density of metal than 
slag the relative amount of metal in the molten material in 
the splashes, droplets, and streams decreases with distance 
from the metal layer to the point where the transition zone 
5 may include small amounts, if any, metal. 

The upward movement of splashes, droplets, and 
streams of molten material from the metal layer ensures 
that there is strong mixing of metal in the slag layer. 

10 The injection of solid carbonaceous material into the metal 
layer ensures that there are high levels of dissolved 
carbon in the metal that is mixed in the slag layer. As a 
consequence of the dissolved carbon in metal in the slag 
layer and the strong mixing of metal in the slag layer, the 

15 slag layer has desirably low levels (ie less than 8 wt%) 
FeO in the slag. 

The term "smelting" is understood herein to mean 
thermal processing wherein chemical reactions that reduce 
2 0 metal oxides take place to produce liquid metal. 

The term "metal layer" is understood herein to 
mean that region of the bath that is predominantly metal. 
Specifically, the term covers a region or zone that 

2 5 includes a dispersion of molten slag in a metal continuous 

volume. 

The term "slag layer" is understood herein to 
mean that region of the bath that is predominantly slag. 

3 0 Specifically, the term covers a region or zone that 

includes a dispersion of molten metal in a slag continuous 
volume . 

The term "quiescent surface" in the context of 
3 5 the molten bath is understood to mean the surface of the 
molten bath under process conditions in which there is no 
gas/solids injection and therefore no bath agitation. 
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The space above the nominal quiescent surface of 
the molten bath is hereinafter referred to as the "top 
space" , 

5 

It is preferred that the level of dissolved 
carbon in metal be greater than 4 wt%. 

It is preferred that the concentration of FeO in 
10 the slag layer be below 6 wt% and more preferably below 5 
wt%. 

It is preferred that the process further 
comprises selecting the amount of the solid carbonaceous 
material injected into the metal layer to be greater than 
that required for smelting the metalliferous feed and for 
generating heat to maintain reaction rates such that dust 
entrained in off -gas leaving the vessel contains at least 
some excess carbon. 

It is preferred that the concentration of solid 
carbon in dust in off -gas from the vessel be in the range 
of 5 to 90 wt% (more preferably 20 to 50 wt%) of the weight 
of dust in the off-gas at a rate of dust generation of 10- 
50g/Nm 3 in the off -gas. 

Preferably step (e) of the process operates at 
high levels of primary post-combustion. 

30 The term "primary post-combustion" means: 

[C0 3 ] + [H 2 QJ 

[C0 2 ] + [H 2 0] + [CO] + [H 2 ] 

3 5 where : 

[C0 2 ] = volume % of C0 2 in off -gas; 



20 
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[H 2 0] = volume % of H 3 0 in off -gas; 
[CO] = volume % of CO in off -gas; and 
[H 2 ] = volume % of H 2 in off -gas. 

5 More particularly, the term "primary post- 

combustion" also means the post-combustion which results 
from the smelting process in the absence of any addition of 
supplementary carbonaceous material for other purposes. 

In some instances a supplementary source of solid 
or gaseous carbonaceous material (such as coal or natural 
gas) may be injected into the off -gas from the vessel in 
order to capture thermal energy in the form of chemical 
energy. 

An example of such supplementary injection of 
carbonaceous material is injection of natural gas which 
cracks and reforms, and thus cools, the off -gas whilst 
enriching its fuel value. 

The supplementary carbonaceous material may be 
added in the upper reaches of the vessel or in the off-gas 
duct after the off -gas has left the vessel. 

25 The addition of supplementary carbonaceous 

material can be used to lower primary post-combustion in a 
manner which is virtually independent of the main smelting 
process in the vessel. 

3 0 The process of the present invention may operate 

at a primary post-combustion greater than 40%. 

Preferably the process operates at a primary 
post-combustion greater than 50%. 

35 

More preferably the process operates at a primary 
post-combustion greater than 60%. 



15 
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The transition zone formed in step (d)(ii) above 
is important for three reasons . 

Firstly/ the ascending and thereafter descending 
splashes, droplets and streams of molten material are an 
effective means of transferring to the molten bath the heat 
generated by post-combustion of reaction gases in the top 
space above the nominal quiescent surface of the bath. 

Secondly, the molten material, and particularly 
the slag, in the transition zone is an effective means of 
minimising heat loss by radiation via the side walls of the 
vessel . 

Thirdly, dust containing carbon in the transition 
zone reduces heat loss by radiation to the side walls of 
the vessel, 

2 0 A fundamental difference between the process of 

the present invention and prior art processes is that in 
the process of the present invention the main smelting 
region is the metal layer and the main gas oxidation (ie 
heat generation) region is separated from the metal layer 
25 and, more particularly, is in the transition zone and these 
regions are spatially well separated and heat transfer is 
via physical movement of molten material between the two 
regions . 

3 0 Preferably the upward movement of splashes, 

droplets, and streams of molten material, particularly 
slag, that forms the transition zone is generated by 
injecting the metalliferous feed material and/or the 
carbonaceous material in a carrier gas through one or more 
3 5 than one lance /tuyere that extend downwardly towards the 
metal layer. 
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More preferably, as noted above, the one or more 
than one lance /tuyere extends through the side walls of the 
vessel and is angled inwardly and downwardly towards the 
metal layer . 

5 

This injection of the solid material towards and 
thereafter into the metal layer has the following 
consequences . 



10 (a) The momentum of the solid material/carrier 

gas causes the solid material and gas to 
penetrate the metal layer; 

(b) the carbonaceous material, typically coal, 
15 is devolatilised and thereby produces gas in 

the metal layer; 

(c) carbon predominantly dissolves into the 
metal and partially remains as solid; 

20 

(d) the metalliferous material is smelted to 
metal by carbon derived from injected carbon 
as described above in item (c) and the 
smelting reaction generates carbon monoxide 

2 5 gas; and 



the gases transported into the metal layer 
and generated via devolatilisation and 
smelting produce significant buoyancy uplift 
of molten material, namely molten metal 
(which includes dissolved carbon) and molten 
slag (which is drawn into the metal layer 
from above the metal layer as a consequence 
of solid/gas injection), and solid carbon 
from the metal layer which results in upward 
movement of splashes, droplets and streams 
of molten material, and these splashes, 
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droplets, and streams entrain further slag 
as they move through the slag layer. 



Another option, although by no means not the only 
5 other option, to generate the upward movement of splashes, 
droplets, and streams of molten material is to inject the 
metalliferous feed material and the carbonaceous material 
via one or more than one tuyere in the bottom of the vessel 
or in side walls of the vessel that contact the metal 
10 layer. 

The injection of metalliferous feed material and 
carbonaceous material may be through the same or separate 
lance (s) /tuyere (s) . 

15 

It is preferred that the injection of the carrier 
gas and carbonaceous material and/or metalliferous feed 
and/or other solid material into the bath be sufficient to 
project splashes, droplets, and streams of molten material 
2 0 into the space above the bath in a fountain- like manner. 

Preferably, the metallurgical vessel includes: 



(a) the above-described lances/tuyeres for 
2 5 injecting oxygen-containing gas and 

lances /tuyeres for injecting solid 
materials, such as metalliferous material, 
carbonaceous material (typically coal) and 
fluxes, into the vessel; 



30 



35 



(b) tap holes for discharging molten metal and 
slag from the vessel; and 

(c) one or more off -gas outlet. 

The metalliferous feed material may be in any 
suitable form. For example, it may be in the form of ores, 
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partly reduced ores, DRI (direct reduced iron), iron 
carbide, millscale, blast furnace dust, sinter fines, BOF 
dust or a mixture of such materials . 

5 In the case of partly reduced ores, the degree of 

pre-reduction may range from relatively low levels (eg to 
FeO) to relatively high levels (eg 7 0 to 95% 
metallisation) . 

10 In this connection, the process further includes 

partly reducing metalliferous ores and thereafter injecting 
the partly reduced ores into the metal layer. 

The metalliferous feed material may be pre- 

15 heated. 

The carrier gas may be any suitable carrier gas . 

It is preferred that the carrier gas be an 
20 oxygen-deficient gas. 

It is preferred that the carrier gas comprise 

nitrogen. 

2 5 The oxygen-containing gas may be oxygen, air or 

oxygen-enriched air containing up to 4 0% oxygen by volume. 

It is preferred that the oxygen-containing gas be 

air. 

30 

It is preferred particularly that the air be pre- 
heated. 

The present invention is described further by way 

3 5 of example with reference to the accompanying drawing which 

is a vertical section through a metallurgical vessel 
illustrating in schematic form a preferred embodiment of 
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the process of the present invention. 

The following description is in the context of 
smelting iron ore to produce molten iron and it is 
5 understood that the present invention is not limited to 

this application and is applicable to any suitable metallic 
ores and/or concentrates - including partially reduced 
metallic ores and waste materials. 

10 The vessel shown in the figure has a base 3, side 

walls 5 which form a generally cylindrical barrel, a roof 
7, an upper outlet 9 for off -gases, and tap-holes (not 
shown) for discharging metal and slag. 

15 The base 3 and a lower section 8 of the side 

walls 5 are formed from refractory material. 

The roof 7 and an upper section 10 of the side 
walls 5 are formed from water-cooled panels. The panels 
2 0 are described in detail in Australian provisional 

application PP4426 of the applicant and the disclosure in 
that application is incorporated herein by cross-reference. 

In use, the vessel contains a molten bath of iron 

2 5 and slag which includes a layer 15 of molten metal and a 

layer 16 of molten slag on the metal layer 15. The arrow 
marked by the numeral 17 indicates the position of the 
nominal quiescent surface of the metal layer 15 and the 
arrow marked by the numeral 19 indicates the position of 

3 0 nominal quiescent surface of the slag layer 16. The term 

"quiescent surface" is understood to mean the surface when 
there is no injection of gas and solids into the vessel. 

The vessel also includes two solids injection 
3 5 lances /tuyeres 11 extending downwardly and inwardly through 
the side walls 5 and into the slag layer 16. The position 
of the lances /tuyeres 11 is selected so that the lower ends 
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are above the quiescent surface 17 of the metal layer 15. 

In use, iron ore, solid carbonaceous material 
(typically coal), and fluxes (typically lime and magnesia) 
5 entrained in a carrier gas (typically N 2 ) are injected into 
the metal layer 15 via the lances /tuyeres 11. The momentum 
of the solid material /carrier gas causes the solid material 
and gas to penetrate the metal layer 15. The coal is 
devolatilised and thereby produces gas in the metal layer 
10 15. Carbon partially dissolves into the metal and 

partially remains as solid carbon. The iron ore is smelted 
to metal and the smelting reaction generates carbon 
monoxide gas. The gases transported into the metal layer 

15 and generated via devolatilisation and smelting produce 
15 significant buoyancy uplift of molten metal, solid carbon, 

and molten slag (drawn into the metal layer 15 from above 
the metal layer 15 as a consequence of solid/gas/injection) 
from the metal layer 15 which generates an upward movement 
of splashes, droplets and streams of molten material and 

2 0 solid carbon, and these splashes, and droplets, and streams 

entrain slag as they move through the slag layer 16. 

The buoyancy uplift of molten material and solid 
carbon causes substantial agitation in the metal layer 15 
25 and the slag layer 16, with the result that the slag layer 

16 expands in volume and has a surface indicated by the 
arrow 30. The extent of agitation is such that the metal 
layer 15 and the slag layer 16 are each substantially 
homogeneous in that there are reasonably uniform 

3 0 temperatures throughout each region - typically, 1450 - 

1550°C - and reasonably uniform compositions throughout 
each region. 

In addition, the upward movement of splashes, 
3 5 droplets and streams of molten material caused by the 

buoyancy uplift of molten metal, solid carbon, and slag 
extends into the top space 31 above the molten material in 
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the vessel and forms a transition zone 23. 

In general terms, the slag layer 16 is a liquid 
continuous volume, with gas bubbles and metal (typically in 
5 the form of droplets) therein, and the transition zone 23 
is a gas continuous volume with splashes, droplets, and 
streams of molten material (which is at least predominantly 
slag at this stage) therein, 

10 The substantial agitation of the metal layer 15 

and the slag layer 16 caused by the buoyancy uplift 
discussed above ensures that there is strong mixing of 
metal in the slag layer 16. The deliberate injection of 
solid carbonaceous material into the metal layer 15 ensures 

15 that there are high levels of dissolved carbon in the metal 
that is mixed in the slag layer. As a consequence of the 
dissolved carbon in metal in the slag layer and the strong 
mixing of metal in the slag layer, the slag layer has 
desirably low levels (typically less than 8 wt%) FeO in the 

2 0 slag. 

The vessel further includes a lance 13 for 
injecting an oxygen-containing gas which is centrally 
located and extends vertically downwardly into the vessel. 
25 The position of the lance 13 and the gas flow rate through 
the lance 13 are selected so that the oxygen-containing gas 
penetrates the central region of the transition zone 23 and 
maintains an essentially metal/slag free space 25 around 
the end of the lance 13. 

30 

The injection of the oxygen-containing gas via 
the lance 13 post-combusts reaction gases CO and H 2 in the 
transition zone 23 and in the free space 25 around the end 
of the lance 13 and generates high temperatures of the 
35 order of 20 00°C or higher in the gas space. The heat is 
transferred to the ascending and descending splashes 
droplets, and streams, of molten material in the region of 
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gas injection and the heat is then partially transferred to 
the metal layer 15 when the metal /slag returns to the metal 
layer 15 . 

5 The free space 25 is important to achieving high 

levels of post combustion, ie more than 40%, because it 
enables entrainment of gases in the space above the 
transition zone 23 into the end region of the lance 13 and 
thereby increases exposure of available reaction gases to 
10 post combustion. 

The combined effect of the position of the lance 
13, gas flow rate through the lance 13, and upward movement 
of splashes, droplets and streams of molten material is to 
15 shape the transition zone 23 around the lower region of the 
lance 13 - generally identified by the numerals 27. This 
shaped region provides a partial barrier to heat transfer 
by radiation to the side walls 5. 

2 0 Moreover, the ascending and descending droplets, 

splashes and streams of molten material is an effective 
means of transferring heat from the transition zone 23 to 
the molten bath with the result that the temperature of the 
transition zone 23 in the region of the side walls 5 is of 
25 the order of 1450°C-1550°C . 

The preferred embodiment of the process of the 
present invention includes selecting the amount of the 
solid carbonaceous material added to the bath to be greater 

3 0 than that required for smelting the iron ore introduced to 

the bath so that solid carbon in the form of soot or char 
is carried through the bath and the transition zone 23 . As 
a result, carbon is present in significant quantity in dust 
in the off -gas from the vessel. Carbon may also be present 
35 in small amounts in slag which is tapped from the vessel. 



It is preferred that the solid carbonaceous 
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material injected into the metal layer 15 be sufficient to 
maintain: 

(a) a concentration of at least 3 wt% carbon in 
5 metal in the bath; 

(b) FeO levels below 8 wt% in the slag in the 
slag layer 16 and in the transition zone 23; 
and 

10 

(c) at least 5% carbon in dust entrained in the 
off -gas from vessel. 



The advantages of operating the method of the 
15 present invention with excess carbon are two fold. 

Firstly, as noted above, high levels of dissolved 
carbon in metal in the bath and strong mixing of metal in 
the slag layer 16 ensures that the slag layer is maintained 
2 0 in a strongly reduced condition by virtue of metal-slag 
mixing. Slag with a low FeO content thus obtained avoids 
operational problems associated with uncontrolled, 
potentially rapid reaction between high FeO slag and 
carbon-rich metal. 

25 

Secondly, the bath is maintained close to 
saturation with respect to dissolved carbon and the carbon 
content of metal does not need to be controlled explicitly. 
Loss of carbon from metal is a serious issue from a plant 

30 operation's view point since the liquidus of the metal (for 
the iron-carbon system) changes significantly on either 
side of the eutectic. The presence of excess carbon in the 
bath means that the system is self -correcting to a degree, 
with more time for corrective action available to the 

35 operator in the event of a process disturbance. 

The degree of post-combustion achieved in the 
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vessel is effectively controlled by the amount of excess 
carbon being carried from the vessel as dust in the off- 
gas. This results in unused carbon being carried from the 
vessel which may be recycled to the vessel. 

The applicant has carried out extensive pilot 
plant work with the vessel shown in the figure and 
described above and in accordance with the process 
conditions described above. 

The pilot plant work evaluated the vessel and 
investigated the process under a wide range of different: 



(a) feed materials; 

(b) solids and gas injection rates; 

(c) slag:metal ratios; 

2 0 (d) operating temperatures; and 

(e) apparatus set-ups. 



15 



25 



Table 1 below sets out relevant data during 
stable operating conditions for one part of the pilot plant 
work. 



WO 99/16911 



PCT/AU98/00793 



- 20 - 













OPERATION 


Bath Temperature 


(°C) 


1450 


Operating pressure 


/kat* fx \ 

I car g; 


V « 3 


HAB Air 


(kNmVh) 


26 . 0 


Oxygen in HAB 






HAB Temperature 


(C) 


1200 


dso ore 


\ z / n; 


27 • f 


Coal 


(t/h) 


6 . 1 


uaicmeQ riux 


\ u / xi ; 




Ore Feed Temp 


(C) 


25.0 


Hot Metal 


(t/h) 


6.1 


Slag 


(t/h) 


2.7 


Post Combustion 


(%) 


60.0 


Off gas Temperature 


(C) 


1450 


Heat Transfer to Bath 


(MW) 


17.3 


Heat Loss to Panels 


(MW) 


8.0 


Coal Rate 


(kg/thm) 


1003 



The iron ore was sourced from Hamersley as a 
5 normal fine direct shipping ore and contained 64.6% iron, 
4.21% Si0 2 , and 2.7 8% Al 2 0 3 on a dry basis. 

An anthracite coal was used both as a reductant 
and a source of carbon and hydrogen to combust and supply 
10 energy to the process. The coal had a calorific value of 
30.7 MJ/kg, an ash content of 10%, and a volatile level of 
9.5%. Other characteristics included 79.82% total carbon, 
1.8% H 3 0, 1.59% N 3 , 3.09% 0 3 , and 3.09% H a . 

15 The process was operated to maintain a slag 

basicity of 1.3 (CaO/Si0 2 ratio) using a combination of 
fluxes of lime and magnesia. The magnesia contributed MgO 
thereby reducing the corrosiveness of the slag to the 
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refractory by maintaining appropriate levels of MgO in the 
slag. 

Under stable operating conditions, relatively low 
5 heat losses of 8 MW were recorded. The productivity was 

6.1 t/h of hot metal. Solid injection rates were 9.7 t/h of 
ore fines and 6.1 t/h of coal along with 1.4 t/h of flux. 
A coal rate of 1000 kg coal/t hot metal was achieved. 
Operating results under these conditions produced a dust 
10 carbon level of 25 wt% and an FeO in the slag of 4 wt% and 
a bath carbon of 4 wt%. 

Many modifications may be made to the preferred 
embodiments of the process of the present invention as 
15 described above without departing from the spirit and scope 
of the present invention. 
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CLAIMS : 

1. A direct smelting process for producing metals 

from metal oxides (including partially reduced metal 
5 oxides) which includes the steps of: 

(a) forming a molten bath having a metal layer 
and a slag layer on the metal layer in a 
metallurgical vessel; 

10 

(b) injecting a metalliferous feed material into 
the metal layer via one or more than one 
lance/tuyere and smelting the metalliferous 
material to metal at least predominantly in 

15 the metal layer; 

(c) injecting a solid carbonaceous material into 
the metal layer via one or more than one 
lance/tuyere in an amount that is sufficient 

2 0 so that the level of dissolved carbon in 

metal is at least 3 wt% based on the total 
weight of carbon and metal; 

(d) causing upward movement of splashes , 

2 5 droplets, and streams of molten material 

from the metal layer of the molten bath 
which : 

(i) promotes strong mixing of metal in the 

3 0 slag layer of the molten bath so that 

the slag layer is maintained in a 
strongly reducing condition leading to 
FeO levels below 8 wt% based on the 
total weight of the slag in the slag 
3 5 layer; and 



(ii) extends into a space above a nominal 
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quiescent surface of the molten bath to 
form a transition zone; and 

(e) injecting an oxygen-containing gas into the 
5 vessel via one or more than one lance /tuyere 

to post-combust reaction gases released from 
the molten bath, whereby the ascending and 
thereafter descending splashes, droplets and 
streams of molten material in the transition 
10 zone facilitate heat transfer to the molten 

bath, and whereby the transition zone 
minimises heat loss from the vessel via the 
side walls in contact with the transition 
zone . 

15 

2. The process defined in claim 1 wherein the level 
of dissolved carbon in metal is greater than 4 wt%. 

3. The process defined in claim 1 or claim 2 wherein 

2 0 the concentration of FeO in slag in the slag layer is below 

6 wt%. 

4. The process defined in claim 3 wherein the FeO 
concentration is below 5 wt%. 

25 

5. The process defined in any one of the preceding 
claims includes selecting the amount of the solid 
carbonaceous material injected into the metal layer to be 
such that dust entrained in off -gas leaving the vessel 

3 0 contains at least some carbon. 

6. The process defined in claim 5 wherein the 
concentration of solid carbon in dust in off -gas from the 
vessel is in the range of 5 to 90 wt% of the weight of dust 

3 5 in the off -gas which corresponds to a rate of dust 
generation of 10-50g/Nm 3 in the off -gas. 
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7. The process defined in any one of the preceding 

claims includes operating the process at primary post- 
combustion levels greater than 40% 

5 8. The process defined in claim 7 includes operating 

the process at primary post -combustion levels greater than 
50%. 

9 . The process defined in any one of the preceding 
10 claims wherein step (d) includes injecting the 

metalliferous feed material and the carbonaceous material 
in a carrier gas through one or more than one lance/tuyere 
that extend downwardly towards the metal layer and thereby 
upward movement of splashes , droplets, and streams of 
15 molten material into the space above the nominal quiescent 
surface to form the transition zone. 

10. The process defined in any one of claims 1 to 8 
wherein step (d) includes injecting the metalliferous feed 

2 0 material and the carbonaceous material via one or more than 
one tuyere in the bottom of the vessel or in side walls of 
the vessel that contact the metal layer and thereby causing 
upward movement of splashes, droplets, and streams of 
molten material into the space above the nominal quiescent 

2 5 surface to form the transition zone. 
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